In this study, we established a radiodermatitis animal model and investigated the change in immune cell proportions in the secondary lymphoid organs. The cells responsible for the increased transforming growth factor-β1 (TGF-β1) and interleukin-10 (IL-10) production in the lesions following irradiation were also investigated. The radiodermatitis model was constructed by locally exposing the posterior dorsal region of hairless-1 (HR-1) mice to 10 Gy electron (E)-ray/day for six consecutive days. The change in immune cell proportions was analyzed by FACS. Immunohistochemistry was carried out to detect the expression of cytokines and cell-specific markers in the skin. The proportions of antigen-presenting cells, T cells, and B cells in the lymph nodes and spleen were affected by E-irradiation. After irradiation, TGF-β1 and IL-17 were co-localized in the papillary region of the dermis with keratin-14 (K-14)-positive cells rather than with regulatory T cells (Treg). IL-10 was not co-stained with Treg, T helper 17 (Th17) cells, dendritic cells, or macrophages. Our data indicate that TGF-β1 is over-expressed mainly by proliferated keratinocytes in the lesions of a radiodermatitis animal model.
Introduction
Radiotherapy has been used for a long while in cancer treatment. In lesions caused by radiation-induced dermatitis, increased expression of transforming growth factor-β1 (TGF-β1) has been reported [18] . Not only TGF-β1 functions as a master switch for radiation-induced fibrosis, it also affects differentiation, survival, and proliferation of immune cells by stimulating TGF-β1 receptor on the cells. TGF-β1, together with interlukin-6 (IL-6), regulates T cell differentiation to T helper 17 (Th17) cells [11] . Th17 cells express interlukin-17 and are associated with autoimmune diseases as well as chronic inflammatory diseases [20, 29] . TGF-β1 also plays an important role with IL-10 in differentiation and function of peripheral regulatory T (Treg) cells which express forkhead box P3 (Foxp3) transcription factor. In contrast to Th17, Treg suppresses activation of the immune system. In addition, TGF-β1 is a potent epithelial growth inhibitor [31] which can affect differentiation of keratinocyte in the epidermis [5] , and is an important regulator in the maintenance of tissue homeostasis [14, 33] . In this study, we established a radiodermatitis animal model by irradiating hairless mice.
Increased expression of TGF-β1 and IL-10 as well as increased Treg population were observed in the skin after irradiation. We then analyzed the type of cells from which TGF-β1 and IL-10 were expressed and relationship between these cytokines as well as Treg.
Materials and Methods

Animals and electron (E)-Irradiation
Five week old hairless-1 (HR-1) mice were purchased from Hoshino Laboratory Animal Center (Yashio, Japan) and adapted for 1 week under conventional conditions prior to experiments. For irradiation, mice were anesthetized by injecting 0.1 ml mixture (5:1 ratio) of Ketamine (Yuhan, Seoul, Korea) and Rompun (Bayer Korea, Gyeonggi-do, Korea). All mice were taped down to an acrylic plate and irradiated using Clinac 2100 C-G accelerator (Varian, Salt City, UT). The posterior dorsal regions of HR-1 mice were exposed to an electron (E)-ray at a dose rate of 4.1 Gy/min, 10 Gy/day for 6 consecutive days. The spleen, inguinal lymph nodes, and the bone marrow were protected using lead shields from the E-irradiation. Sham-irradiated control mice were also anesthetized and taped down similar to the irradiated mice without irradiation. All procedures of animal research were performed in accordance with the Guide for the Care and Use of Laboratory Animals provided by the IACUC (Institutional Animal Care and Use Committee) in College of Medicine, The Catholic University of Korea.
Flow cytometry analysis
To isolate cells from the spleen and inguinal lymph nodes, we followed the previously reported methods [17] .
Immunophenotyping of splenocytes and inguinal lympho- 
Immunohistochemical analysis
Staining was performed on frozen-embedded sections of mouse dorsal skin. Samples were cut into 6 μm thick sections and mounted onto silane-coated slides (Marienfeld, Lauda-Königshofen, Germany). The samples were then fixed in a ice-cold mixture of methanol and acetone (1:1) for 15 min and blocked in 20% normal goat serum for 90 min.
Primary antibodies used in this study were affinity purified rat anti-mouse Foxp3 (eBioscience), rabbit anti-mouse TGF-β 1 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), 
Results
Establishment of a radiodermatitis mouse model
Skin change of the E-irradiated mice was first observed on the day 13 and observed at least up to the 24 th day after the first E-irradiation (Fig. 1A) . On the day 15 following E-irradiation, dry desquamation had increased and inflammation was observed on the back skin of some mice.
By day 22, inflammation on the back skin and bleeding from the tail was observed in some of the E-irradiated mice.
The repeated-measure ANOVA revealed significant differences in body weights (p<0.001) between the sham-and the E-irradiated groups. Body weights were significantly lowered in the E-irradiated group than the sham-irradiated group between the 6 th and the 23 rd day ( Alteration of immune cell proportions in the spleen and lymph nodes of the E-irradiated mice
To examine the alteration of immune cell proportions in the spleen and lymph nodes after E-irradiation, a FACS analysis was carried out for the cells (Fig. 2) . CD11b + cells in lymph nodes increased after E-irradiation compared to the control mice after both 15 and 24 days. After irradiation, CD11c + cells decreased slightly in the spleen while increased Relative location of TGF-β1, IL-10, and FoxP3 expression in the radiodermatitis lesions Immunohistochemistry was carried out for the frozen section of the mouse skin on the 15 and 24 days after E-irradiation (Fig. 3A) . Specific antibodies to FoxP3, TGF-β1, and IL-10 were applied for the detection.
FoxP3 expression was rarely detected in the sham-irradiated skin but began to increase in the dermis following E-irradiation ( Fig. 3A and 3B ). After 24 days of E-irradiation, FoxP3 expression increased further than after 15 days. Sham-irradiated mouse skin showed scattered expression of TGF-β1 in the dermis and the epidermis. A heavier TGF-β1 staining in the epidermis was exhibited after 24 days than after 15 days following E-irradiation. IL-10 was detected mainly around the hair follicles without E-irradiation. IL-10 expression in the dermis increased on the 15 th day after E-irradiation and then decreased somewhat on the 24 th day, but still higher than in the sham-irradiated skin.
The possibility that TGF-β1 and IL-10 were expressed by FoxP3 positive cells was examined by double staining (Fig.   3C ). FoxP3 and TGF-β1 were occasionally co-stained, but Cells expressing TGF-β1 and IL-10 in the radiodermatitis lesions As TGF-β1 was detected at high level in the thickened epidermis following E-irradiation, we checked if TGF-β1 is expressed by keratinocytes of the irradiated skin by double staining for TGF-β1 and K-14 (Fig. 4A) . In the sham-irradiated skin, TGF-β1 and K-14 were stained in different locations. However, TGF-β1 was mainly co-stained with K-14 in the epidermis after 15 and 24 days following E-irradiation.
To determine whether IL-10 was expressed in the dendritic cells or macrophages of the radiodermatitis lesions, double staining for IL-10 and CD11b, or IL-10 and CD11c was carried out (Fig. 4B) . CD11b + cells were increased in the dermis on day 24 than on day 15 after E-irradiation.
CD11c
+ cells were also detected more frequently in the E-irradiated skin than in the sham-irradiated skin. However, CD11b + and CD11c + cells did not co-localize with IL-10.
To determine whether Th17 cells participated in the immune responses of radiodermatitis, IL-17 and IL-6 which is essential for the formation of Th17 cells were co-stained ( As previously reported [36] , cells of the thickened epidermis region were stained for K-14 after radiation in our study. Keratin is a filament forming protein of epithelial cells and helps to maintain tissue structure [27] as well as protects epithelial cells from stress [9] . When cells stratify and differentiate, K-14 and K-5 expression is down-regulated while K-1 and K-10 expression is up-regulated [6] . In other words, K-14 and K-5 are expressed in dividing basal keratinocytes of the skin epidermis [24] .
We also observed increased expression of TGF-β1 in epidermis after irradiation similar to what has been already known [18] . As TGF-β1 induces differentiation of FoxP3 + Treg and Th17 cells [11, 35] , we tested whether TGF-β1 was co-stained with FoxP3 in the skin of the radiodermatitis model. Our data showed that TGF-β1 and FoxP3 were expressed in different locations, while K-14 and IL-17 were co-stained with TGF-β1 in the E-irradiated epidermis. Thus, it seems that TGF-β1 is expressed mainly from keratinocytes in the basal layer [4, 21, 32] . T cells which express receptors of TGF-β1 [2, 12] might have been recruited and stimulated by TGF-β1, resulting in differentiation to Th17 cells [4, 35] .
However, this is only possibility as we did not check the expression of other Th17 cell markers such as IL-21 and IL-22. IL-17 produced by Th17 cells [11] and dendritic cells [10] might have bound to IL-17 receptors on the K-14 expressing keratinocytes [23, 30] . Related to this, IL-6 and IL-17 which play important roles in the formation of Th17 cells were simultaneously expressed in many cells of radiodermatitis lesions after 15 days of irradiation.
IL-10 is an essential cytokine for differentiation and function of Treg just like TGF-β1, and is secreted from Treg [8] .
We investigated if increased IL-10 is produced by Treg. IL-10 expression was increased substantially around hair follicles after irradiation just as reported previously [28] . Double staining showed that FoxP3 expression was scattered throughout the dermis region after irradiation, while IL-10 expression was concentrated in some areas of the dermis, suggesting that Treg is not the main source of IL-10. 
